Abstract
INTRODUCTION
Energy consumption is something that cannot be released in various fields such as transportation, power generation, industrial processes, and households. Oil fuel is still the most consumed energy compared to others. In 2014, the average fuel oil consumption was around 1.01 billion barrels per day and is estimated to increase by 4% per year. Meanwhile, national crude oil production in 2014 was only 795.5 thousand barrels per day (ESDM, 2014) . As we know, fuel oil is very limited and non-renewable so that alternative energy is required to overcome the energy crisis.
Currently, alternative energy developed in Indonesia is biofuels. The development of biofuel as an energy alternative is driven by President Instruction or Instruksi Presiden (Inpres) number 1 the year of 2006 concerning the Provision and Utilization of biofuel as other fuels. In the national energy policy, the government targets the use of biofuels to reach 5% of national energy consumption (Murtiningrum and Firdaus, 2015) . One of the biofuels developed in Indonesia is biodiesel.
Biodiesel is a mono alkyl ester which contains a chain of long fatty acids produced from the transesterification reaction of vegetable oils or animal fats with alcohol and catalyst (Abdullah et al., 2013; Buchori et al., 2017) . The catalyst used can be homogeneous or heterogeneous. Heterogeneous catalysts are better than homogeneous catalysts due to biodiesel products and catalysts can be easily separated at the end of the process. Heterogeneous catalysts have different phases of reactants and products (Buchori et al., 2016) . Heterogeneous base catalysts that can be used in the transesterification reaction are MgO, CaO, SrO, zeolite, Al2O3, ZnO, TiO2 dan ZrO3. The catalyst that has high activity in the transesterification process and is easily found in the environment is CaO (Wendi et al., 2015) . One source of calcium for preparing CaO catalysts is chicken bone waste. Calcium in chicken bones is in the form of calcium and phosphorus, deposited in soft matrix tissue consisting of organic material containing collagen fibers and mucopolysaccharide gels (Mohadi et al., 2013) . Research conducted by Rutto and Enweremadu (2013) using waste cooking oil (WCO) and CaO catalyst obtained biodiesel yield of 85.96 %.
Biodiesel can be made from vegetable oil. One of the raw materials that can be used to produce biodiesel is WCO. Waste cooking oil is waste vegetable oil that is not suitable for use and reuse can be harmful to health. Waste cooking oil can pollute the environment due to its presence in water can inhibit oxygen exchange and damage ecosystems (Carlos et al., 2011) . The application of WCO as raw material for biodiesel can reduce pollution of water and reduce the cost of biodiesel production.
The utilization of oil repeatedly and at high temperatures (160-180 o C) accompanied by contact with air and water can accelerate the hydrolysis of triglycerides and increase the content of free fatty acids (FFA). The FFA content has a negative impact on the transesterification process because it is difficult to separate mono alkyl ester compounds and glycerol (Sharma et al., 2011) . For this reason, WCO for biodiesel production needs to be purified to reduce the free fatty acid content. Purification of WCO can be done using an adsorbent which is active charcoal. Activated charcoal is a porous solid containing 85-95% charcoal, produced by heating at high temperatures.
'Salak' peel is one of the raw materials that can be used as an activated charcoal adsorbent. Salak peel is a natural waste material that is not used. The nutrient content is low and has an abundance of cellulose, hemicellulose and lignin so that the salak peel is very good if used as an adsorbent in the form of activated charcoal (Pakpahan et al., 2013; Buasri et al., 2013) . Another raw material that can be used as activated charcoal adsorbent is coconut shell which can reduce the free fatty acid of WCO by 33.71% (Paputungan et al., 2018) . Meanwhile, the activated charcoal adsorbent from banana peel was able to reduce free fatty acids from WCO by 52.73% (Nasir et al., 2014) .
This research aims to study the effect of adsorption time and weight of activated charcoal from salak peel on the FFA content in WCO. In addition, this study also investigates the effect of operating temperature on the transesterification reaction of WCO using CaO catalyst from chicken bone.
MATERIALS AND METHODS Materials
The raw material used in this study is WCO obtained from Fried Chicken at Tembalang, Semarang. Chicken bones are obtained from restaurant waste around Tembalang. Salak peel is obtained from fruit market waste in Ungaran. The chemicals used include potassium hydroxide (KOH), methanol (98%) and hydrogen chloride (HCl 37%) from Merck.
Procedure
The experiment was carried out through several steps, i.e. free fatty acid (FFA) analysis, preparing and activating activated charcoal, adsorption of WCO, and transesterification process.
Free Fatty Acid (FFA) analysis
The FFA analysis was carried out to determine the content of FFA in WCO before and after adsorption with activated charcoal from salak peel. The FFA analysis was done by titration using KOH 0.1 N. Free fatty acid was calculated by equation (1).
Where VKOH is volume of titrant (mL), NKOH is normality of KOH (mmol/mL), MWfatty acid is molecular weight of fatty acid (mg/mmol), and msample is weight of WCO sample (mg).
Preparing and activating activated charcoal
Activated charcoal is made from salak peel. Salak peel was put into the furnace and heated at 600 o C for 1 hour. Furthermore, charcoal from salak peel was impregnated with 20% KOH solution. The weight ratio of salak peel charcoal : KOH is 1 : 4. The impregnation results are then shaken with shaker bottle for 20 hours, then dried in an oven at 105 o C. The result is then activated in the furnace at 800 o C for 1 hour. The activated charcoal produced is then washed using demin water and dilute HCl solution until the pH reaches 6-7. Furthermore, the activated charcoal is dried in an oven at 105 o C overnight.
Adsorption of WCO
Waste cooking oil which has been analyzed for the content of FFA is adsorbed using activated charcoal from salak peel at a temperature of 80 o C. The adsorption time and activated charcoal weight were varied at 10-80 minutes and 5-10 gram, respectively.
Transesterification process
Waste cooking oil whose FFA content has been reduced, then used as raw material in the transesterification process. The transesterification process is carried out using CaO catalyst from activated chicken bones. Waste cooking oil is reacted with methanol at the molar ratio of methanol:WCO is 15:1. Transesterification is carried out in three-neck flask.
Waste cooking oil is first put in a three-neck flask. CaO catalyst as much as 5% by weight of oil is mixed with methanol in a beaker glass, then heated to reach the reaction temperature according to the variable. A mixture of methanol and CaO catalyst was put into a three-neck flask filled with WCO. Furthermore, the transesterification reaction was carried out according to the temperature variable for 2 hours with a stirring speed of 400 rpm. The transesterification results were filtered with Whatman 42 filter paper to separate the catalyst. The solution is then put into a separating funnel and allowed to stand overnight. Three layers will form inside the separating funnel, the upper layer is residual methanol, the middle is biodiesel and the bottom is glycerol. The resulting biodiesel is analyzed by GCMS. The yield of biodiesel and FAAE can be calculated by equations (2) 
RESULTS AND DISCUSSION Effect of Adsorption Time on FFA Content in WCO
The transesterification process in biodiesel production is influenced by the content of free fatty acids (FFA). Waste cooking oil has a high FFA content so it needs to be refined. One method of purifying WCO is by adsorption using activated charcoal from salak peel. In this study, the weight of activated charcoal from salak peel and adsorption time was varied at 5 and 10 grams and 0, 10, 20, 30, 40, 50, 60, 70 , 80 minutes, respectively. The results of this study are shown in Figure 1 . Figure 1 shows that the FFA content decreases with increasing adsorption time. Activated charcoal contains cellulose in which the molecular structure contains a hydroxyl group. This hydroxyl group will adsorb FFA in WCO. The longer the adsorption time, the more adsorbed FFA will be before reaching the saturation point (Pakpahan et al., 2013) . However, on adsorption with 5 grams of activated charcoal at 60-80 minutes, the FFA content looks constant. This is due to the adsorbent has reached saturation. The adsorbent pores are no longer able to adsorp FFA so that the FFA content tends to be constant (Mangallo et al., 2014) .
The weight of the adsorbent is one of the factors that affect the adsorption of FFA in WCO. At 10 grams of activated charcoal, the adsorbed FFA content is greater than the use of 5 grams of activated charcoal adsorbent. This shows that the increasing weight of the adsorbent causes the surface area of the adsorbent to be greater so that contact between adsorbent particles and solute molecules will occur frequently. Thus, more free fatty acids will be adsorbed (Okeola et al., 2012) .
Effect of Temperature of Transesterification Reaction on Yield of Biodiesel
The best result of adsorption of WCO with activated charcoal from salak peel, namely with 10 grams of activated charcoal weight and 80 minutes adsorption time then reacted with methanol. The molar ratio of methanol to WCO is 15:1. The temperature of transesterification was varied at 30, 35, 40, 45, 50, 55, 60, and 65 o C. The transesterification reaction was carried out using a 5% wt CaO catalyst from chicken bones with a reaction time of 2 hours. The effect of the temperature of the transesterification reaction on the yield of biodiesel is presented in Figure 2 . Figure 2 shows that biodiesel yield increases with increasing reaction temperature. The higher the reaction temperature, the higher the reaction rate constants. This fact has resulted in a greater yield of biodiesel. Increasing the product formation reaction rate constant is greater than the reverse reaction rate constant (Sofyan et al., 2014) . The results of this study are in accordance with the results of research conducted by Farooq and Ramli (2014) . Based on this study it was found that the yield of biodiesel increases with increasing reaction temperature, but then decreases above the temperature of 60 o C because it has passed the boiling temperature of methanol.
Test of Biodiesel Product Parameter
The biodiesel product is then tested for density, kinematic viscosity, and acid number. The biodiesel test results can be seen in Table 1 . o C between 2,3-6,0 mm 2 /s, and maximum acid number is 0.6 mg KOH/g sample. Based on Table 1 , biodiesel product that fulfill quality standards when viewed from their density, kinematic viscosity, and and acid number are biodiesel produced at 50 o C transesterification reaction temperature. This shows that the optimal temperature for the production of biodiesel from WCO with CaO catalyst from chicken bones is 50 o C with yield of biodiesel is 86.40%. Rahkadima and Abdi (2016) also conducted an investigate on the production of biodiesel from WCO using a CaO catalyst with a molar ratio of methanol to oil is 48:1 for 6 hours of reaction time. The optimal temperature of the transesterification reaction is 50 o C. Some studies state that the optimal temperature for biodiesel production from WCO is between 50-70 o C (Yakoob et al., 2012) .
Results of Fatty Acid Alkyl Ester (FAAE) Identification in Biodiesel Product
The composition of compounds in biodiesel can be known based on the analysis of Gas Chromatography-Mass Spectrometry (GCMS). GCMS analysis was carried out on biodiesel obtained at its optimum temperature at a reaction temperature of 50 o C. The results of GCMS analysis is shown in Figure 4 and The composition of alkyl ester in this study is still low due to the transesterification reaction has not reached its optimum reaction time. According to Lee et al. (2015) , the optimum reaction time for CaO heterogeneous catalyst is 4-6 hours. Maximum conversion is achieved after reaching 6 hours and decreases at the 7 th hour. In the first 3 hours, the transfer mass of heterogeneous catalyst runs slowly so that the conversion of the obtained biodiesel is low. Furthermore, the reaction runs fast and reaches its peak at a reaction time between 4-6 hours.
The results of GCMS analysis showed that the composition of glycerol obtained was rather high at 49.02%. The high composition of glycerol is due to the large molar ratio of methanol:oil. To get the maximum conversion, molar ratio of methanol:oil is 12:1. At a higher molar ratio, glycerin will dissolve in excess methanol so that it will reduce the amount of methanol and inhibit the reaction between reactants and catalysts. The reaction polarity increases and the solubility of glycerol in biodiesel also increases. This fact makes biodiesel difficult to separated from glycerol. As a result, the conversion of biodiesel product is small.
CONCLUSION
Salak peel is a potential adsorbent to reduce FFA content in WCO. Based on the results of this study, it can be concluded that the optimum time for adsorption of FFA in WCO with activated charcoal from salak peel is 80 minutes with a weight of an active charcoal is 10 grams. The FFA content of WCO decreased from 6.16% to 0.224%. In the transesterification reaction, the yield of biodiesel increases with increasing temperature of the transesterification reaction. The best transesterification temperature on the production of biodiesel from WCO with CaO catalyst from chicken bone is 50 o C with 86.40% yield of biodiesel. Under these conditions, density, kinematic viscosity, and acid number were 887.2 kg/m 3 , 5.174 mm 2 /s, and 0.421 mg KOH/gr sample, respectively. Based on GCMS analysis, the biodiesel produced contain 65.54% alkyl ester with yield of FAAE of 56.63%.
